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Investigations of th dvan ag s nd d 'sadva ntages of the ultrasonic 
method for r s to r :ng obllterat d sen I numbers were continued. The 
restoration mechanism Involv S pr f r enll I metal r emova l by cavita-
tion In water . The cavltallon IS Indu ed by the ultrasonic vlbr~.hon of a 
piezoelectric transducer . 
Parts of two hand guns , a heavily ob literated and restamped auto-
mobile engine block, and a motorcycle ga r- cas!: housing have been sub-
j ected to serial number r estorallol attempts by tlte ultrasonic cavitation 
method . The method was most successful on the guns . Portions of num-
bers were res tored even aft r num er ous chemical etclung attempts had 
failed to restore any portion of (h s numbers. The ultrasonic method 
was only partially successful on the moto rcycle gear - case housing, and 
unsuccessful on the automobll engine bloc k. 
Some studies were also mad on a nu mber stamped on aluminum 
and obliteratad by peening whIch s how d partIal r estor lion; and, in 
addihon , the effect of a large r diameter probe (than that used on earlier 
studies ) was exa min ed on a steel specimen . 
INTRODUCTION 
Serial numbers on stolen prop rty or guns are ofte n removed or 
obliterated by vanous n.eans such as fihng , grind ng , or peening . On 
recovered property , it IS neces ry to r sto re lhe numb rs s ufficiently 
so that they may be r ad or photograph db for they can serve as 
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evidence. Many different types of restoration techniques are available 
(refs. 1 to 4). They include chemical, magnetic, heat treatment and 
other methods. Most of the above methods require a specific chemical 
and/or process for each of the great variety of metals involved. Recently. 
a new technique was introduced (ref. 5), which selectively removes metal 
by cavitation generated by ultrasonic vibration in water. This method 
was used to restore stamped and ground off serial numbers on laboratory 
samples of brass, steel, copper and aluminum with a high degree of 
succesS. An additional benefit of the method is that no prior surface 
preparation such as grinding and polishing is required before the restora-
tion process can begin. 
To better examine the merits of the ultrasonic method, two areas of 
continued work were needed: (a) A careful laboratory analysis of the 
method using controlled stamping techni'lles and controlled number re-
moval methods as well as comparisons between the ultrasonic method 
and the best alternative method available for the particular metal being 
studied. (b) Actual application of the ultrasonic method to gun samples, 
engine blocks, and other a.rticles typical of frequently recovered stolen 
goods with illegally removed serial numbers. 
The first of the above areas of continued work and some efforts in 
the second area with the 1lltrasonic mflthod are currently being performed 
by Dr. Richard Treptow of Chicago State University under NASA Grant 
NSG-3030. This work should be finished by early 1977. Additional effort 
in the second of the above work areas, examination of the ultrasonic 
method's applicability to obliterated serial numbers on specific guns and 
representative stolen articles, was performed at the NASA Lewis Research 
Center and is the subject of this report. The results of tests on two gun 
samples, a cast iron engine block, and an aluminum motorcycle gear-case 
housing are discussed. In addition a demonstration of this method applied 
to a sample in which a stamped number was obliterated by peening has 
been included. And, several additional laboratory stUdies are also included. 
" I 
..... 
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MATERIALS, APPARATUS, AND PROCEDURE 
Materials 
A steel frame of a Browning. 38 cal. automatic pistol was furnished 
by the police department of a large city. The number had been filed from 
this fra'lle before it was recovered so that a flat area clearly showed on 
the handle. This gun had then been subjected to numerous chemical treat-
ments by two law enforcement agencies, but no traces of the serial num-
bers were restored. Other items tested included a portion of a steel gun 
barrel from an unidentified gun model with a number that had been care-
fully milled off to a depth 1. 3 times the depth of the stamped number 
(furnished by Northeastern University), a cast-iron Chevrolet V -8 engine 
block (furnished by the Cleveland Police Depa.·tment) which had numbers 
removed and new ones stamped over them, and an aluminum motorcycle 
gear-case housing (furnished by the National Auto Theft Bureau). In 
addition to the above items, the same aluminum and iron specimens as 
used in reference 5 were used for laboratory studies. 
Apparatus and Test Conditions 
A schematic drawing of the apparatus used for the ultrasonic serial 
!lumber restoration is shown in figure 1 and is described in references 5 
and 6 It consists of a piezoelectric transducer assembly driven by a 
power supply at a frequency of 20 000 Hz. Cavitation bubbles are induced 
in water at the tip of the transducer and the force of the collapsing bubbles 
is directed to the specimen immersed in water directly below the Vibrat-
ing head. The bubbles attack weaker portions of the specimen and resto-
ration occurs by one of two methods: (1) smeared metal is removed from 
the grooves, or (2) when grindin.'j is deep, cavitation attack uifferentiates 
between thE' worked metal under the number and the surrounding back-
ground mr.tal so that under direct light a "ghost image" is produced. 
The major probe used was 1. 6 cm diameter. A second probe was used 
(1. 9 c.n diameter) for a laboratory study to compare a broader area of 
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restoration with that of the smaller area. Tap water at 20° C (±2° C) 
was used with 30 grams of a potassium dichromate rust inhibitor per 
liter of water. A constant temperature water circulator was used to 
remove heat generated by the cavitation. 
Procedure 
Test procedure varied with the article or specimen used and is so 
closely related to geometry that it will be covered more thoroughly 
under Results and Discussion for each case. The main emphasis was 
placed, however, on the ability to completely immerse the numbered 
portion of the article so that the cavitation could occur in the desired 
area. The prubes were moved to different locations across the article 
if areas of interest were larger than the diameter of the probe. When-
ever possible the probe was placed within 1 millimeter of the surface of 
the article before vibration. Low magnification photomacrographs were 
taken before and after testing. 
RESULTS AND DISCUSSION 
Steel Gun Frame 
The .38 cal. automatic pistol frame and the location of the obliterated 
numbers are shown in figure 2. The flat area that had been filed to re-
move the number is indicated by an arrow in figure 2(a) and is shown in 
figure 2(b) at 2>< magnification. As previously mentioned, two different 
law enforcement agenci'3s were unable to restore any trace of the num-
bers after having tried with numerous chemical etches. After 360 minutes 
of cavitation attack, traces of markings began to appear (see fig. 3(a) 
and (b)). Parts of three numbers, most likely an 8, 2, and an unidentified 
number can be seen. Both photomacrographs are of the same area; how-
ever, the photo of figure 3(b) has been marked with circles around the 
number traces, and arrows, to make the numbers easier to locate. In 
this effort (and the figure) the numbers are extremely difficult to see. 
However in this series of tests, the operator had no idea of the size, 
orientation or exact location of the numbers. When these were observed 
and compared with the numbers on another gun from the same manufac-
turer, they were found to be in the same location and of the same size' S 
standard stamped numbers for this gun model. Therefore, this is an .r 
dication that when other tests fail, or if only partial chemical restorl'J ..• on 
is successful, the ultrasonic method might help bring out the complete 
number or might be useful as a "last resort" method to restore a number 
in a critical case. 
Steel Gun Barrel 
A portion of a gun barrel was furnished by Northeastern University, 
School of Forensic Sciences. The number had been cal'efully milled off 
to a depth of 1.3 tim!:.!'! the depth of the stamped number. No prior know-
ledge was given to NASA of the original number. After 5 hours of cavita-
tion attack, the correct number "15567" appeared as a ghost image as 
shown in figure 4(a) and (b) (&ee arrows on fig, 4(b)). After longer times 
of cavitation attack the numbers started to fade. 
Automobile Engine Block 
Photographs of the automobile engine block are shown in figure 5. 
Figure 5(a) shows an overall view of the engine block. The origin'll 
number on this cast-iron block had been ground to a depth at least 1/16 inch 
below the surface and then new numbers had been roughly stamped over 
the old number. The serial number portion of the engine block can be 
seen in figure 5(c). A plastic box was built up around the number (fig. 5(b)) 
to provide the water bath necessary for the ultrasonic treatment. Fig-
ure 6 shows photomacrographs of the number as-received, after 150 min-
utes, and after 240 minutes of cavitation attack, Unfortunately, very 
little information was obtained from this test. Observati.ms of similar 
factory stamped serial numbers on other engine blocks show them to be 
quite shallow. Grinding on this block was obviously several times the 
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depth of the original numbers. The probe had to be moved around this 
number considerably to cover the entire area. To cover the entire sur-
face with 4 hours of cavitation attack, nearly 30 hours of total attack time 
was used. This method, as presently applied, thus becomes impractical 
for actual use for engine block cases. Also cOJl3iderable difficulty is ob-
viously necessary to prepare the engine block for the restoration process. 
To be practical for this type of restoration, an adaptor could be made for 
coupling the ultraso' .ic tip with the engine block. Water circulation and 
proper scaling would allow the ultrasonic probe to be used at various 
angles, thus making it more portable and applicable to large items. 
Nevertheless, in-situ chemical and other standard methods appear better 
suited for large engine parts. 
Motorcycle Gear-Case Housing 
An aluminum alloy gear-case housing with a known number is 
shown in figure 7(a). The number was removed by hand grinding in the 
NASA-Lewis laboratory to an estimated depth of the numbers. After 
10 minutes of cavitation attack some of the letters are r-;adable. After 
25 minutes of cavitation attack the number was estimated to be nearly 
40 percent restored. Further cavitation extJosure of the aluminum 
caused extensive pitting. A lip next to the number caused uneven focus-
ing of the cavitation cloud, thus attacking the metal unevenly. For this 
reason an overall flat working surface is highly desirable. 
Additional Laboratory Studies 
Effect of peening. - The letters "W" and "N" were stamped on an 
aluminum sample and the letters were peened until they were no longer 
visible (see fig. 8(a)). The specimen was immersed in water and subjected 
to cavitation for varying periods of time (fig. 8(b)-(h)). Figures 8(e), 
(f), and (g) show the partial restoration of these letters by the cavitation 
at 30, 40, and 50 minutes, respectively. After 50 to 60 minutes (fig. 8(g) 
and (h)) the attack was so severe that the letters were being destroyed. 
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This indicates that, to a limited extent, the methvd may restore numbers 
if in the peening process, smeared metal and traces of the origInal grooves 
remained. 
Effect of probe diameter. - All previous studies in reference 5 have 
been made with a probe diameter of 1. 6 cm (see fig. 9(all. The number 3 
on the specimen from this early work was ground down (fig. 9(b)) and a 
1. 9 cm diameter probe was used to restore it. After 120 minutes of cavi-
tation attack, the number could be clearly seen. Figure 10 is a high mag-
nification photograph of the same specimen of figure 9. Portions of other 
originally stamped and ground off numbers were more completely restored 
than in the earlier work of reference 5. (See, for example, the number 6 
in fig. 10(c).) Thus, the larger diameter probe has the distinct advantage 
of restoring numbers over a broader area, thus reducing the number of 
shutdown times and pOSition changes required for working on actual stolen 
articles. 
SUMMARY OF RESULTS 
The ultrasonic cavitation method for restoring obliterated serial 
numbers was further explored by applying the technique to typical items 
of interest to law enforcement agencies. The following results were ob-
tained: 
1. Traces of serial numbers on a steel gU!l frame were restored by 
the ultrasonic ca.itation method after repeated chemical-etch method 
attempts by two different law enforcement agencies failed to produce any 
evidence of the numbers. Total restoration, however, was not achieved 
by the cavitation approach in this case. 
2. A complete serial number on a steel gun barrel was restored 
after the number had been milled off to a depth 1. 3 times the depth of the 
stamped number. 
3. Attempts to restore numbers on a deeply ground and restamped 
cast iron automobile engine "lock were unsuccessful. 
4. A partial restoration was achieved on a motorcycle gear case 
housing made of aluminum. 
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5. Preliminary laboratory studies showed that the ultrasonic cavita-
tion method was partially successful in r\,.toring numbers obliterated by 
peening and also that a larger diameter probe (up to at least 1.9 cm diam. ) 
can be used successfully to restore numbers. 
CONCLUDING REMARKS 
The reported studiea have shown that the ultrasonic cavitation serial 
number restoration technique appears to be primarily suited to guns 
with an indication of superiority over some chemical methods, Variation 
in the results of restoration of obliterated gun serial numbers depends, 
of course, on extent of obliteration and amount of previous treatment, 
However, this approach offers an attractive potential last resort after 
chemical methods have failed to restore any or all of the numbers, Addi-
tional work is needed and currently is being done under controlled labora-
tory conditions to make co:nparisons of the ultrasnoic method with chemi-
cal, electrolytic, magnetic, and other serial number restoration methods, 
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